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National Aeronautics and 
Space Administration 
Langley Research Center 
Hampton, Virginia 23681-0001 


Thermomechanical Fatigue of Titanium Alloys (Contract NAS1-20013, Task 9) was performed 
by The Boeing Company, Commercial Airplane Group, Seattle, Washington, for NASA Langley 
Research Center (LaRC), Hampton, Virginia. Mr. Dennis Dicus, Metallic Materials Branch, 
Materials Division, was the research task manager. 
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from 187 to 168 ksi, at room and 350°F temperatures, respectively. In this temperature range, 
modulus for unformed 21S ranged from 15.7 to 14.9 Msi, formed 21S showed 15.9 to 14.7 Msi, 
and modulus for 6 - 2 - 2 - 2-1 ranged from 17.6 to 17.2 Msi. 
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An extensive program to provide environmental durability test data and life-prediction methods 
has been established to ensure that any material (metal or PMC) is viable for the HSCT. To date, 
no PMC has been validated for long-term use at the maximum temperatures expected for a Mach 
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Figure 2. 0-3. Titanium Alloy Development 
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Details of these fabrication anomalies can be found in appendix B. 
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3.2.2 Unnotched Fatigue Life Testing 
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Fatigue tests have been initiated on both alloys and are continuing as planned. These tests will 
continue under Task 15 (Materials Durability) of NASA Contract NAS 1-20220. Raw data 
obtained to date on these tests is reported in Appendix E; complete results will be reported under 
the new contract when they are available. 
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Figure 3.2.2-2. Unnotched Fatigue Test Specimen 





3.2.3 Notched Fatigue Life Testing 





o o tP 


S3| 

o r-H O 

4H £ 

a 5-1 


j 

CS CO I 
<D CD 

If; 

fi o : 


•s a 

§ .S 


13 & 


e « | 

> 5 o 

; g“s 

+3 cd <-> 

p is 2 

X 00 CO c 
J CD 

^13 £ 

r^H 5 Ctf 

o a 43 

, C7 CO 

fl £ £ 

a g t3 

° g 13 

J J 
'2 I s 


° & 

o & 

iO «» 


^ 8 

’S’g. 

S3 pH 


2 X> 

6 £ 

.& s 

* 8 
CO p 

CU 

2 g 
<N c3 


^ s ^ 

V +-* <Q 

||I 

.a e & 

CO 5 


|- s 
O t3 

CD 

L, 4— » 

,-S 3 

§ g 
.s a 
* gp | 

2P'G 

| a 

5 “ 

3 13 

<s ^ 

6 1 

§>1 

<D *53 

•fcj >-t 

cO o 

OlL 

.3 ^ 

CO CO 

JD p 

J-h t— ( 


CO to 

r*H 3 

• &D 



E cgSSS 


E £ ■* 

— > 4*^ 

J (fi 


^ ^J- T- O 1 - O 

(nSQr^uoo^r^cocD 

TJ - * " " " 


(/) cd eg o> 
J2 ir> lo lo 


H • 

sp^ 

S .a g 

.9$ | 

PP H « 



c 

Cl) 

lo E 

CD CD 


^ co 
C\] 0) 


4- CD C 

C 3 3 

O T3 g- 

E -D 2 

CD CD 

tS CD 
E ° 3 

<D S’ c3 

^ - fe 

^ o Q. 

CO c p 

C? CO CD 

ri 3 ~ 

s | I 

^ o o 


(D 

w co S 
Vh CD tt 


4h ^ ^ 

o .2 s 

Tj co 

g a “ 

§.ss 

M J) 

£ 3 a 

4) 73 <D 


I O | 
fttg 

a ^ 

<«13 b 

a > •* 


attempt was made to resolve this discrepancy by testing excess formed specimens with both strain 
gage and extensometer instrumentation. These tests were, however, unable to resolve the 
discrepancy. It was concluded that a data acquisition error occurred. No attempt was made to 
fabricate new specimens and retest since interest in this alloy had declined. 

















































Figure 4. 1. 1-1b. Beta 21 S STA 1000 Unnotched Tension Static Test Summary 
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Figure 4. 1. 1-3. Typical Stress-Strain Curves for Formed 21 S 



Figure 4. 1. 1-4. Typical Stress-Strain Curves for Unformed 21 S 












Figure 4. 1. 1-5. Room Temperature Test Setup 




Figure 4.1.1 -6. 250° and 350° F Test Setup 




Figure 4.1.1 -7. 400 °F Test Setup 



Figure 4. 1. 1-8. Failed 21 S Static Test Specimens 
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Ti-6-2-2-2-2, 0.17% Si, .068 (nominal) sheet, STA (1), tension 



Figure 4.2. 1-1 b. Ti-6-2-2-2-2 STA Unnotched Tension Static Test Summary 
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Figure 4.2. 1-3. Typical Stress-Strain Curves for Unformed 6-2-2-2-2 
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APPENDIX A - BETA 21S SUPPLIER CERTIFICATIONS 
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APPENDIX B - BETA 21 S FABRICATION ANOMALIES 
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Figure B-3. Beta 21 S Loaded at 0. 003 in/in/min 








The other fabrication anomaly concerned staining. A 54-in-long segment of the one piece that 
had been successfully stretched was vacuum-aged at 1,000°F. This was a trial run to ensure that 
no diffusion bonding would occur. The trial was successful and the segment had good visual 
appearance following age. There was minor stress relief pillowing in one area, but the piece was 
generally flat and uniform in color. 
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. Parts held in 175°F lightly circulating air for 20 min. 



An initial cleaning operation using these seven steps removed approximately 50% of the 
darkened area. In order to determine if a second cleaning cycle would remove the remaining 



location, amount, or shade of the stain. 



Staining of 2 IS is reported to be a sporadic problem. Boeing has observed similar instances on 
IR&D studies dealing with surface preparation. Several participants at the October 1994 
Metallic Materials review held at Langley also reported similar encounters. NASA experienced 





APPENDIX C - TI-6-2-2-2-2 LOCKHEED-FURNISHED SUPPLIER CERTIFICATIONS 
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APPENDIX D - STATIC TEST DATABASE 


5 cg 

<D R 

l-t W) 

a ^ 

a a> 

.5 

•S £ 

cd ,2 





966V0 

9690'0 


(L) 

093 

N3i 

000 L @8 

0991 @9 

OOOlViS 

0 

Sl3Vi38 

9-S-S13 

88 

966*'0 

9690'0 

d|4S 

(L) 

093 

N3i 

0001 @8 

099 L®9 

OOOLViS 

0 

S13VL38 

*-S-SL3 

38 

066V0 

9690'0 

3i]|s 

msm 

id 

N3i 

000 1®8 

0991 @9 

OOOlViS 

0 

SL3Vi38 

8-S-S13 

18 

966*'0 

9690'0 

dujs 

a) 

id 

N3i 

0001 @8 

099 1®9 

OOOLViS 

0 

Sl3Vi38 

S-S-S13 

08 

066V0 

9090'0 

d|4s 

msm 

id 

N3i 

0001 @8 

099 L®9 

OOOlViS 

0 

SL3Vi38 

1-S-SL3 

63 

9Z66'0 

9Z90‘0 

d!4s 

(*d 1 

098 

iHO 

000 L @8 

099 1®9 

OOOlViS 

8'1 

Sl3Vi38 

6-3-SL3Vi38 

83 

0666'0 

0690'0 

dws 

KM 

098 

iHO 

0001 @8 

0991 @9 

OOOlViS 

8'L 

SL3Vi38 

8-3-Sl3Vi38 

Z 3 

0866'0 

0890'0 

Silp 

(*l) 

098 

iHO 

000 L @8 

099 L®9 

OOOlViS 

8‘1 

Sl3Vi38 

Z-3-Sl3Vi38 

93 

0Z660 

9890'0 

dj4S 

(*L) 

093 

iHO 

0001 @8 

099 1®9 

OOOlViS 

81 

S13V138 

9-3-Sl3Vi38 

93 

9Z66'0 

0690'0 

d|4S 

(*L) 

093 

iHO 

0001 @8 

099 1®9 

OOOLViS 

8'L 

Sl3Vi38 

9-3-SL3Vi38 

*3 

9Z66'0 

9Z90’0 

dlJ+s 

(*l) 

093 

iHO 

0001 @8 

099 L®9 

OOOlViS 

8'L 

Sl3Vi38 

*-3-Sl3 VL38 

83 

0866'0 

9890'0 

dj4S 

(*L) 

id 

iHO 

0001 @8 

0991 ®9 

OOOlViS 

8'1 

SL3VL38 

8-3-SL3 Vi38 

S3 

9Z66'0 

9690'0 

d|4S 

msm 

id 

iHO 

000 L @8 

099 L®9 

OOOlViS 

8'L 

Sl3Vi38 

3-3-SL3Vi38 

13 

9Z66'0 

9690'0 

cpfs 

in) 

id 

iHO 

000 L @8 

099 L @9 

OOOlViS 

8'1 

Sl3Vi38 

L-3-Sl3Vi38 

03 

\mm 

8390'0 

d!4s 

a) 

id 

N3i 

VN 

0991 @9 

is 

0 

S13VL38 

d8-Sl3Vi38 

61 

3L09'0 

6190'0 

dujs 

msm 

id 

N3i 

VN 

099 L @9 

is 

0 

S 1 3Vi38 

dZ-SL3Vi38 

81 

Z009'0 

9390'0 

dujs 

wbsm 

id 

N3i 

VN 

0991 @9 

is 

0 

Sl3Vi38 

d9-SL3Vi38 

Zl 

Z 66170 

8*900 

d)4s 

m 

id 

N3i 

VN 

0991 @9 

is 

0 

Sl3Vi38 

Vd9-SL3Vi38 

91 

Z66V0 

S*90'0 

dujs 

m 

id 

N3i 

VN 

099 L @9 

is 

0 

SL3VE8 

d9-Sl3Vi38 

91 

0L09‘0 

*390'0 

diJjs 

m 

id 

N3i 

VN 

0991 @9 

is 

0 

Sl3Vi38 

d*-Sl3Vi38 

n 

9io9'o 

9690'0 

du|s 

(8) 

id 

N3i 

VN 

0991 @9 

is 

0 

SL3VL38 

d8-SL3Vi38 

81 

9009'0 

8390'0 

d|4s 

( 3 ) 

id 

N3i 

VN 

0991 @9 

is 

0 

SL3Vi38 

d3-Sl3Vi38 

31 

8L09'0 

9L90'0 

du|s 

msm 

id 

N3i 

VN 

099 L @9 

is 

0 

S13VL38 

dl-SL3Vi38 

ll 

086*'0 

0090'0 

d|4s 

(L) 

098 

N3i 

000 L @8 

0991 @9 

OOOlViS 

8'L 

Sl3Vi38 

01-1-S13 Vi38 

01 

0009'0 

9690'0 

d|4S 

(1) 

098 

N3i 

0001 @8 

099 L ©9 

OOOlViS 

8'1 

SL3Vi38 

6-L-SL3 Vi38 

6 

0L09'0 

0090'0 

3pjs 

(l) 

id 

N3i 

000 L @8 

099 L @9 

OOOlViS 

8'L 

Sl3Vi38 

8-L-SL3Vi38 

8 

9009'0 

9690'0 

d|4S 

msm 

id 

N3i 

0001 @8 

099 L @9 

OOOlViS 

8'1 

S 1 3Vi38 

Z-l-SL3Vi38 

Z 

0109'0 

0090'0 

app | 

(D 

id 

N3i 

000 L @8 

099 L @9 

OOOlViS 

8'1 

SL3Vi38 

9-l-SL3Vi38 

9 

9009'0 

9890'0 

app 

(L) 

id 

N3i 

0001 @8 

099 L®9 

OOOlViS 

8'1 

SL3Vi38 

9-L-SL3Vi38 

9 

9309‘0 

0690'0 

anp 

(l) 

id 

N3i 

000 L @8 

099 1®9 

OOOlViS 

8'L 

Sl3Vi38 

*-l-Sl3Vi38 

* 

0009'0 

0690'0 

d|4S 

msm 

id 

N3i 

0001 @8 

0991 @9 

OOOlViS 

8'L 

S13VL38 

8-l-SL3Vi38 

8 

0Z6V0 

9890'0 

ajip 


id 

N3i 

000 1®8 

099 L @9 

OOOlViS 

8'L 

S13VL38 

3-L-SL3Vi38 

3 

966*'0 

0090'0 

arp 

mam 

id 

N3i 

000l@8 

099 1@9 

OOOlViS 

8'L 

SL3Vi38 

l-l-SL3Vi38 

l 

m 

mm 

UliOj 

|D|JSJD|/\| 

paads 

IsejL 

<d £>ap) 
duuat (sax 

adAx 

isei 

«d cap) 
duuax 
® (SJM) 
auiu) 
a6y 

«d"oap) 

duiax 

® ( U|UU) 

auiu) 

pajx 

uo|(n|o$ 

uompuoo 

<%> PAai 
6 u|uujoj 

AO||V 

qj uauipads 
qoi |sai 

*on pjooeg 


sjsei uoisuei o\\o\$ 





















































































































































































































































































































































































































8'68t79 


L'OISS 


9 0009 


6 8969 


9617 L 9 


0'0L£8 


0'0L98 


00688 


0 08^8 


ni 


00998 


0'0P98 


0'0068 


00168 


97668 


9'9988 


9'0868 


(t7) 


07) 


8't790t7 


l '8888 


9'9968 


0'06t79 


0'06t79 


0 0689 


0'0669 


0'0L09 


0'0L09 


0'0L69 


00869 


0'0t769 


0'0669 


sejON 


If 


\$yQ ssojjs 
$soj6 
ejDuumn 


t79'9l 


86'9L 


3L'9l 


62 91 


68'9L 


68 91 


L L "91 


L6'9L 


|s^> pout i uo|pat|p 


VN 


VN 


VN 


VN 


VN 


968 L0 


088 L'O 


968 1 '0 


968 1 '0 


968 1 '0 


968 L'O 


968 L'O 


968 L'O 


968 L'O 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


VN 


OHSD13 


U|DJ0 


9-S-S12 


F-S-SL2 


8-S-SL2 


2-S-SL2 


L-S-SL2 


6-2-SL2V138 


8-2-S12V138 


6-2-SL2V139 


9-2-SL2V139 


9-2-SL2V139 


t ? -2‘SL2 Vi39 


8-2-SL2V139 


2-2-SL2V139 


L-2-SL2V139 


U8-S12VJL39 


U6-SL2V138 


d9-SL2V139 


Vd9-SL2V139 


d9-SL2V139 


at7-St2V139 


d8-SL2Vi39 


d2-SL2V139 


ilL-SL2VI39 


0L-L-SL2V139 


6-L-SL2V139 


8-l-SL2Vi39 


6-L-SL2V139 


9-L-SL2V139 


9-L-SL2V139 


M-SL2V139 


8-L-SL2V139 


2-L-SL2V138 


L-l-SL2Vi38 


ai ueuupeas 

qoi jsei 


-on pjooay 


sisei uoisuei o\\o\$ 
















































































































































































































































t?-666‘0 

8Z90'0 

dm* 

M3SM 

092 

iHO 

096®0l 

099 L @08 

ViS 

0 

Z-Z-Z-Z-9 

82-N2t78992 

99 

t7666‘0 

C890'0 

dujs 

(frl) 

092 

iHO 

096@0L 

099 L @08 

ViS 

0 

Z-Z-Z-Z-9 

22-N2t78992 

99 

0Z66'0 

L890'0 

d|4$ 

(t7l) 

id 

iHO 

096® 0L 

0991 @08 

ViS 

0 

Z-Z-Z-Z-9 

l L0-N2t789SZ 

179 

0666'0 

1890'0 

ants 

(17L) 

id 

iHO 

096® 01 

0991 @08 

ViS 

0 

Z-Z-Z-Z-9 

Z0-N2t78992 

89 

017660 

6990'0 

d!4S 

(t7L) 

id 

iHO 

096®0L 

0991 @08 

ViS 

0 

Z-Z-Z-Z-9 

10-N2t78992 

29 

866170 

9890'0 

apis - 

Ti) 

00t7 

N3i 

096®0l 

099 L @08 

ViS 

0 

Z-Z-Z-Z-9 

2l-2-ZZ8-lZ9^-9a 

19 

666V0 

0890'0 

app 

U) 

00t7 

N3i 

096®0l 

099 L @08 

ViS 

o 

fSSsSk 

U-2-ZZ8-lZ9t7-9Cl 

09 

lOOS'O 

6Z90'0 

app 

ii) 

00t7 

N3i 

096®0l 

0991 @08 

ViS 

0 

Z-Z-Z-Z-9 

01-2-ZZ8-IZ9F-9CI 

69 

eoos'o 

£890'0 

d|4S 

a) 

098 

N3i 

096®0l 

099 L @08 

ViS 

0 

Z-Z-Z-Z-9 

6-2-ZZ8-lZ9t7-9a 

89 

900S'0 


app 

u) 

098 

N3i 

096® 01 

0991 @08 

ViS 

d 

Egggga 

8-2-ZZ8-LZ9t^-9d 

19 

0009'0 

0890'0 

app - 

(0 

098 

N3i 

096® 01 

0991 @08 

ViS 

0 


Z-2-ZZ8-LZ9t7-9a 

99 

Z009'0 

£890'0 

dujs 

(L) 

092 

MEW 

096®0L 

099 L @08 

ViS 

0 

2-2-2-2-9 

9-2-ZZ8-lZ9t7-9a 

99 

8009'0 

9990'0 

d;4S 

(l) 

092 

N3i 

096®0l 

0991 @08 

ViS 

0 

Z-Z-Z-Z-9 

9-2-ZZ8-LZ9t7-9CI 

t79 

9009'0 

Z890'0 

app 

(l) 

092 

N3i 

096©0l 

0991 @08 

ViS 

0 

Z-Z-Z-Z-9 

^-2-ZZ8-lZ9t7-9a 

89 

llls&fcl 

2890'0 

app 

(l) 

id 

N3i 

096®0l 

0991 @08 

ViS 

0 

Z-Z-Z-Z-9 

8-2-ZZ8-lZ9t7-90 

29 

soog'o 

C890'0 

d(4S 

msm 

id 

N3i 

096®0L 

0991 @08 

ViS 

0 


2-2-ZZ8-lZ9t7-90 

19 

eoog'o 

0990'0 

app 

(L) 

id 

N3i 

096@0l 

0991 @08 

■■ 

0 

2-2-2-2-9 

L-2-ZZ8-LZ9t7-9C3 

09 

1800' l 

9690'0 

app 

(frl) 

098 

iHO 

000 L @8 

0991 @9 

000 L ViS 

0 

SIZVL39 

wmEESxam 

6t7 


0690'0 

app - 

(|7l) 

098 

iHO 

0001 @8 

099l®9 

000 L ViS 

0 

SlZVi39 

02-S-S12 

817 

Kfl 

0690'0 

app 


098 

iHO 

0001 @8 

0991 @9 

0001 ViS 

0 

SLZVi39 

6L-S-SL2 

Zt7 

0800' l 

9690'0 

app 

Ct7 1 ) 

092 

iHO 

000l@8 

0991 @9 

0001 ViS 

0 

SIZV139 

81-S-S12 

9t7 

0600' l 

9690'0 

~ app - 

(n) 1 

092 

iHO 

000 L @8 

0991 @9 

OOOlViS 

o 

Sl2Vi39 

ZI-S-S12 

9t7 


9690'0 

dj4s 

■raw 

092 

iHO 

000 1®8 

0991 @9 

0001 ViS 

0 

Sl2Vi39 

91-S-SL2 

W 

HD 

9690'0 

dujs 

(t7L) 

id 

iHO 

000 L @8 

099 L @9 

OOOlViS 

0 

Sl2Vi39 

91-S-S12 

8t7 

9900' L 

9690'0 

app 

(t7L) 

id 

iHO 

000 1®8 

0991 @9 

000 L ViS 

0 

Sl2Vi39 

t7l-S-SL2 

217 

0600' l 

9690'0 

~ app 

Ct7L) 1 

id 

iHO 

000 L®8 

0991 @9 

OOOlViS 

0 

Sl2Vi38 

ei-s-siz 

lt7 

966V0 

9890’0 

~ app - 

(L) 

0017 

N3i 

000 1®8 

099 L @9 

OOOlViS 

0 

SL2Vi39 

21-S-SL2 

017 

0009'0 

0090'0 

d!4S 

(1) 

0017 

N3i 

0001 @8 

099 L @9 

OOOlViS 

0 

SL2VL39 

IL-S-SL2 

68 

066t7'0 

0690'0 

dujs 

msm 

00t7 

N3i 

000 L @8 

0991 @9 

OOOlViS 

0 

Sl2Vi39 

01-S-SL2 

88 

066170 

0090'0 

d|4s 

nr 

098 

N3i 

000 L @8 

0991 @9 

OOOlViS 

0 

SL2Vi39 

6-S-S12 

ze 

0009'0 

0090'0 

“app - 

msm 

098 

N3i 

0001 @8 

0991 @9 

OOOlViS 

0 

Sl2Vi39 

8-S-SL2 

98 

966t7'0 

9690'0 

app 

nrr- 

098 

N3i 

0001 @8 

0991 @9 

OOOlViS 

0 

Sl2Vi39 

Z-S-SL2 

98 

96617-0 

9690'0 

app 

msm 

092 

! N3i 

000l®8 

099 L @9 

OOOlViS 

0 


9-S-S12 

t78 

■gn 

i 

UUJOJ 

|D|je|DW 

peeds 

|sei 

(d Cep) 
duid| |Sdi 

edAi 

isei 

■flTBepF 

daidi 
® (SJM) 
euju) 
©6y 

((d 'Bap) 
duiei 
® Ouiui) 
euiu) 

4D34 

uopios 

UOMpUOQ 

(%) I0A01 
6u|UiJOj 

AO||V 

ai uauipad$ 
qoi is©i 

*on piooey 


sjsej. uojsuei o\\o\$ 






















































































































































































































































































































































































































0'0SS6 

9'Z9L 1 

L'98l 




1 

0881 '0 

8S-NSt7899S 

99 



0'0Z16 


8't78L 




1 

9Z8L0 

SS-NSt7899S 

99 



008L0L 


■ IJJ1 




1 

ctsna 

L lO-NSf899S 

179 



O'OSIOI 

Z'8 8L 

gfe.-r-irgM 




1 


Z0-NSt^899S 

€9 



0'0t , 66 

z'm 

9'6n 




1 

SZ8L'0 

L0-NSt7899S 

S9 

(€1) '(31) 

mam 

VN 



S't79l 

8881 

9L'ZL 

1 

VN 

Sl-S-ZZ8-LZ9f-9a 

"19 

teO'fci) 

(SI) 

VN 



8'99L 

9' 681 

81'Zl 

1 

VN 

1 1-S-ZZ8-IZ9F-9C1 

09 

(SL)'(ll) 

(SI) 

VN 



61791 

9'98L 

90'Zl 

1 

VN 

0L-S-ZZ81Z9t7-9a 

69 


6 

VN 



0'89l 

Z'm 

S8'9L 

1 

VN 

6-S-ZZ81Z9t'-9a 

89 


6 

VN 



Z'OZl 

9'9*7L 

ZS'Zl 

1 

VN i 

8-S-ZZ81Z9t7-9a 

Z9 


6 

VN 



9'99L 

ZLt7t 

6S'Zl 

1 

VN 

Z-S-ZZ81Z9^-9a 

99 


8 

VN 



8'8ZL 

L'S9l 

erzi 

1 

VN 

9-S-ZZ81Z9t7-9d 

99 


8 

VN 



L'SZL 

9"6*7L 

W9L 

1 

VN 

9-S-ZZ8-LZ9t7-9a 

*79 


8 

VN 



9'SZL 

8'6*7 L 

S8'9L 

1 

VN 

t7-S-ZZ8-LZ9(7-9a 

89 


8 

VN 



9'98l 

9't7Zl 

89' Zl 

1 

VN 

e-s-zz8-iz9i7-9a 

S9 


8 

VN 



8'98l 

9'*7ZL 

OL'ZL 

1 

VN 

S-S-ZZ81Z9F-9CI 

19 


Z 

VN 



9Z8L 

C8ZI 

9S'8t 

1 

VN 

L-S-ZZ81Z9t7-9a 

09 

(6) 

L 

0'S0Z8 

S' 8ZI 

L'9t7L 



VN 

1 

9Z81'0 

IS-S-SLS 

6V 

(6) 

L 

0W98 

9'8ZL 

€'9t7L 



■m 

1 

9Z8L'0 

0S-S-SLS 

8t7 

(6) 

L 

009/18 

9181 

9Z1/L 



VN 

1 

088 1'0 

6L-S-SIS 

Z*7 

(6) 

9 

00116 

Z'98L 

6191 



VN 

1 

088 L'O 

8L-S-SLS 

9t7 

(6) 

9 

0'08L6 

6Z81 

6'S9l 



VN 

1 

088 L'O 

Zl-S-SLS 

9V 

(6) 

9 

0'0006 

Z't78l 

8'09L 



VN 

1 

9Z8 L '0 

9L-S-SLS 

w 

(6) 

V 

o'oeoot 

S' 90S 

S'Z9L 



VN 

1 

0Z81'0 

9L-S-SLS 

8*7 

(6) 

V 

0'0L66 

t7'80S 

9' 991 



VN 

i 

9Z8L0 

n-s-sis 

St7 

(6) 

V 

0'0866 

S' 80S 

FS91 



VN 

1 

9Z81'0 

8L-S-SLS 

Lt7 

(91) 

OL 

VN 



8‘SZl 

| (91) 

Z9ZL 

1 

VN 

si-s-sis 

0t7 


OL 

VN 



o'ezi 

l'09l 

S9'Zl 

1 

VN 

U-S-SLS 

68 

!■« 

(SL) 

VN 



8‘SZL 

9'69L 

99'Zl 

1 

VN 

01-S-SLS 

88 


OL 

8'6S89 



0'8ZL 

8191 

9t7'9L 

1 

VN 

6-S-SLS 

ze 


OL 

0'6L£9 



8'ZZl 

1191 

St7't7L 

1 

VN 

8-S-SIS 

98 


01 

t7'69S9 



8'ZZl 

6'09L 

6Z't7L 

1 

VN 

Z-S-SLS 

98 


6 

€'1689 



*7181 

6'Z9l 

L LSI 

1 

VN 

9-S-SLS 

t78 

seiON 

1 

(sqi) 

PDOI 

on 

(ISJf) 

SS9J|S 10U 

eiDuumn 

(|s>|) ssaijs 
ssoj 6 
eiDuimn 



(l*l/M> Poui 
OIISDI3 

uojjoej|p 

U|DJ0 

mogg 

ai ueuupeds 
qoi |sei 

‘on pjooeg 


sjsej. uoisuei o\\o\§ 





























































































































































































































































4 ©sj]o jueojed z ©4 JOjid pepuoqep ©6 d 6 up4S (91) 

•u©>p4 uoi|d6uo|© on (91) 
•©pujUJ J©d ipuj j©d ssqouj go'O +D p©poo| sdm u©uup©ds (t^L) 

'D)Dp ©6 d 6 ujDJjS uo p©SDq 3 ( 91 ) 
■uo!|D|p4su! ©6d6 upj|S 04 ©np u©>p4 40U sdm U014D6U013 (34) 
■suoj4onJ4su! sj04s©nb©j 4S©4 J©d 4S©4 sp4 J04 pssn 40U sdm j©4©ujosu©4X3 (44) 

(|s>|) ss©J4s 4©u © 4 DUU! 4 in (01) 
(|s>)) ss©J4S ssoj6 © 4 DUU! 4 in (6) 

•©jn|p) 04 p©4s©4©j puD p©oj©z©j p©ddo4s 4s©! paddys j©4©uuosu©4X© u©q/v\ 'sq| 00 S 04 p©pDO| sdm u©uup©d$ (9) 
•uo!4om4su! sj04s©nb©j 4S©4 j©d ©pq 40 s©p|s q4oq uo ssqoui gp j©ao qoui, oi'O Aj©a© 6ui>|jduj Aq psjnsDeuu sdm uo|4d6uo|3 (^) 

•u©>p4 40U sdm uoi4d6uo|© ueuupeds (9) 
•uo!4oru4su! sjo4senb©j 4S©4 j©d pepusdsns 6uj4sej. (9) 
p©up4qo sdm poo| p|©|A on 'ojsz 04 pepDopn u©q4 s©4nu|uu g J04 'sq| 0099 4D p|©q u©q4 ujiu/uj/uj goO'O P pepDO| sdm usiupedg (47) 

pejjnooo ©Jn|p4 wun ©4nu|uu J©d qouj J©d ssqouj go'O P P©poo| sdm ueuupeds (9) 
'4S©4 ©04 4noq6nojq4 ©4nu|UJ jed qouj j©d seqoui 900'0 P P©poo| sdm ueuupeds ( 2 ) 
pejnooo ©jn|P4 mun lq - 0 © 4 - pesoejou! sdm 6upDO| u©q4 peup4qo sdm ©404$ 40 seqouj OSI'O l!4un ©4nu!uu jsd qou| jed seipuj goo'O P P©poo| sdm ueuuped$(L) 















0966'0 

2890'0 

dU4S 

(n) 

098 

iHO 

096® 01 

099l®08 

VIS 

0 

2-2-2-2-9 

L20-N2t78992 

62 

0866'0 

0890'0 

dijis 

in) 

098 

1HO 

096®0L 

099l®08 

VIS 

0 

2-2-2-2-9 

t?L0-N2t78992 | 

69 

9Z66'0 

2890‘0 

djJ4S 

(t7l) 

098 

IHO 

096® 01 

099L®08 

VIS 

0 

2-2-2-2-9 

210-N2t78992 

89 

0666'0 

9890‘0 


in) 

092 

iHO 

096@0l 

099 L @08 

ViS 

0 

fefcfeBa 

92-N2F8992 

L 9 

(U|) 

MIPIM 

(U|) 

©609 

UIJOJ 

PIJejDW 

peeds 

isei 

<d e©P) 

dui©4 4S©1 

adAi 

isei 

7 ?TBapr 

duudi 
® (siq) 
©tun) 
©6y 

((d'Pap) 
dut©i 
® ( U|UU) 
©UI|1) 
JD©ii 

uo|)ri|os 

uompuoo 

(%) I©A©1 
6u|Uijoj 

AO||V 

q \ ueuupeds 
qoi 4sai 

*on pioo©a 


sjsei uoisuei o\\o\$ 
























































0‘0Z88 

6‘09L 

9‘0€l 




1 

gzsi’o 

l30-N3t789S3 

oz 



001706 

0‘V9l 

3 - £6L 




1 

9Z8L'0 

t7L0-NSt7€9S3 

69 



0‘0L68 

K191 

O'lCL 




1 

088 1 - 0 

310-N3t78993 

89 



0'00£6 

1791 

79CL 




1 

9Z81'0 

93-N3t7£993 

Z 9 

S8|ON 

•£)UO|3 

% 

(sqi) 

PDOl 

■iin 

ssejjs |©u 
opuiHin 

(|$)|) SSeJJS 

ssoj6 

©puuuin 

^l*5|) nid 

<|S5j) AH 

<I*I/M> POUJ 

OIJSDI3 

uojjoej|p 

U|Di£> 

(U|) D|a 
©l°H 

Ql ueuupeds 

qoi |sei 

on piocay 


sjsei uojsuej. oipis 




CO 

uo 



031 1 

9 

id 

0'L 

Id 

0 

1 

40©MS 

OS6®OL 

0991 @08 

VIS 

2-2-2-2-9-li 

98 

021 

9 

id 

0*1 

Id 

0 

1 

4©e^S 

0S6®01 

0991 @08 

VIS 

3-3-3-3-9-li 

98 

EH 

9 

ia 

0*1 ' 

Id 

0 

1 

pens 

096@0l 

0991 @08 

ViS 

2-2-2-2-9-!i 

h: 

09 

9 

Id 

8*3 

id 

0 

1 

d!4S 

0001 ®8 


VIS 


88 

09 

9 

id 

8*3 

Id 

0 

1 

dins 

0001 ®8 

099 L®9 

ViS 

St 30409 

38 

or 

9 

id 

8*3 

Id 

0 

1 

dWS 

0001 ®8 

099 1®9 


SI 30409 

t8 

09 

9 

ia 

82 


0 

1 

d|4S 

000l®8 

0991 @9 


S L3D|eg 

08 

09 1 

9*0 

id 

0*1 


0 

1 

duts 

000L®8 

0991 @9 

Vis ... 

St 30409 

63 

mam 

9 

09€ 

0*1 


0 

1 

duts 

000L®8 

099 1®9 


St 30409 

83 

031 

9 

093 

0*1 


0 

1 

duts 

000t®8 

099 1®9 


St 30409 

LZ 

091 

9 

id 

0*1 


0 

1 

duts 

000t®8 

099 1®9 


St 30409 

93 

09 L 

9 

id 

0*1 


0 

1 

duts 

oooi m 

099 1®9 


St 30409 

S3 

09 L 

9 

Id 

0*1 


0 

1 

duts 

000L®8 

099 1®9 


St 30409 

r3 

03 1 

9 

id 

0‘1 


0 

1 

dutS * 

000l@8 

099 1®9 

VIS 

St 30409 

83 

031 

9 

Id 

0*1 


0 

1 

d|i)S 

000L®8 

099 L®9 

ViS 

St 30409 

33 

03 L 

9 

id 

0*L 


0 

1 


000L@8 

099 L®9 


St 30409 

13 

991 

9 

id 

0*1 


0 

1 

ms 

000l®8 j 

099 L®9 


SI 30409 

03 

09 1 

9 

id 

01 


0 

1 

duts 

000l®8 

099 L®9 


St 30409 

6L 

931 

9 

id 

0*1 


0 

1 

dWS 

000L®8 

099 L®9 


St 30409 

8t 

911 

9 

id 

0*L 


0 

i 

djJtS 

000l®8 

0991 @9 


St 30409 

ZL 

03 L 

9 

id 

0*1 

Id 

6 

l 

duts 

000 1®8 

099 1®9 


St 30409 

9t 

931 

9 

id 

0*1 

Id 

0 

i 

d|JtS 

0001 @8 

099 L®9 

Hn 

St 30409 

St 

091 

9 

id 

0*1 

Id 

0 

i 

d|Jts 1 

000l®8 

099 1®9 

m 

St 30409 

H 

99L 

9 

id 

0*1 

Id 

0 

i 

KISSH 

000L®8 1 

099 1®9 

VIS 

St 30409 

81 

OH 

9 

id 

0*L 

WKm 

0 

i 

— siwaw 


099 1®9 

ViS 


3t 

031 

9 

id 

0*1 

S3 

0 

i 

ms 

000l®8 

099 1®9 

1 VIS 

st 30409 

It 

00L 

9 

ia 

0*1 


6 


djJtS 

0001 ®8 

099 L®9 

ViS 

Sl2°t®9 

Ot 

08 

9 

id 

0*1 


0 

l 

dWS ! 

0001 ®8 

09St@S 



6 

0 L 

9 

id 

0*1 


0 

i 



099 L®9 



8 

09 

9 

id 

0*1 


6*1 

i 

ms 

000L®8 

099 L®9 


St 30409 

Z 

0 L 

9*0 

Id 



6*L 

i 

d|4S 

000 1®8 

099 1®9 


St 30409 

9 

Oil 

9*0 

id 



6*1 

i 

d|Jts 

000l®8 

099 1®9 

ViS 

St 30409 

S 

oz 

9 

id 

■iMWI 

H5H 

6*1 

i 

duts 

000 1®8 

0SSI@S 

VIS 

St 30409 

r 

06. 

9 

id 



6*1 

i 

d!4S 


0SSI@Q 


St 30409 

8 

00 L 

9 

id 

0*1 


6*1 

i 

d|JlS 

000t@8 

099 1®9 


St 30409 " 

3 

OIL 

9 

id 

0’1 


6'1 

i 

d|JtS 

' 000L®8 

099l®9 

ViS 

St 3040 a 

t 

(!S») 

<ZH) 

(d Bap) 

(DO 

edAi 

(%) lOASl 

U(DJ£> 

UliOj 

«d Bap) 

(( j Bap) duidt 

uonipuoo 

AOIIV 

jaquunN 

SSdi|$ 


duiai pel 

ddAi 

isai 

6u|iujoj 


|D|ia|D|AI 

duuaj ® (sii|) 

® (U|UU) aui||) 



pjooay 

•XDIN 

epAo 


oeds 





emu) tDaiUDSH 

jDdJj. uo||n|os 





AjDuuuun$ jsai an6!Pd 





































































































































































































































































































































































OOPTOl 

01731701 

Lt7*0 

l rt7 

t‘0 

31790*0 

VN 

SIOS'O 1 

88900 

5‘Z 

9-9-ZZ-ZZ-9 

98 

•©jnjjDj on 

0000003 


- 

L^O 

3l’t7 

L *0 

t7t790'0 

VN 

H 

58900 

5'Z 

6-5-33-33-9 

58 

■ejniioj on 

0000003 


- 

117*0 

ll‘t7 

1*0 

81790*0 

VN 

0L05’0 

178900 

S'Z 

9-5-33-33-9 

179 

0|Ot| P p0||Dd 


063I7L 

- 

oeo 

00*9 

10 

0090*0 

trtM'O 

0000' l 

■ 

8*8 

99 1 SIS 

88 

■0|OM p poipd 


00Z33 

- 

09*0 

Z6‘3 

1*0 

17650 '0 

L88LO 

0000' L 

176500 

8*8 

99 1 SIZ 

38 

•0|OM ID peipd 


01558 

- 

173*0 

2 m 

L*0 

8650*0 

888 L'O 

0000' l 

86500 

8'8 

t'S 1 SL3 

L8 

•0|Ol| p p0||Dd 


09*79 l 

" 

09*0 


L'O 

9090*0 

9Z910 

0000*1 

80900 

C9 

95 1 SL3 

oc 



00383 

- 

69*0 

86*9 

1*0 

9090*0 

VN 

80050 

5090 0 

5 *Z 

33-1-SL3 

63 

•ejniiDj on 

0000001 


- 

99'0 

99*9 

1*0 

9090'0 

VN 

50050 

50900 

S’Z 

L3-1-SL3 

83 



065911 

- 

99*0 


L'O 

30900 

VN 

ZOOSO 

ISiMMSl 

5'Z 

03-1-SL3 

Z3 



09993 

- 

017*0 

56*9 

1*0 

170900 

VN 

00050 


S'Z 

6L-1-SL3 

93 



083317 

- 

69*0 

06*9 

t‘0 

00800 

VN 

50050 


S'Z 

8L-1-SL3 

53 



0Z3Z3 

* 

69*0 


L'O 

80900 

■■ 

6tr05*0 

1 

S'Z 

ZL-1-SL3 

t73 



0ZL8S 

- 

99*0 

39*9 

L'O 

L080'0 

VN 

EJBSfil 

L0900 | 

S'Z 

9L-1-SL3 

83 




- 

99*0 

59*9 

L'O 

K380O 

VN 

60050 

ebm 

S'Z 

5L-TSL3 

33 

’cljjD p p©|!Dd 


mwz 

- 

99*0 

59*8 

L'O 

t7090‘0 

VN 

866170 

Krami 

S’Z 

t7t-l-SL3 

L3 



59653 ! 

- 

Lt7'0 

Z0*t7 

L'O 

10900 

VN 

90050 


S'Z 

8L-1-SL3 

03 



10593 

- 

Ot 7*0 

66*8 

L'O 

Z090'0 

VN 

8t705*0 

80900 | 

S'Z 

3L-1-SL3 

6L 



36693 

- 

89*0 

6Z*8 

L'O 

80900 

VN 

80050 


5‘Z 

ll->SL3 

81 

•ojnip; on 

000000 t 


- 

59*0 

05*8 

L'O 

170900 

VN 

173050 

BHI 

S'Z 

0L-TSL3 

ZL 



3Z169 

- 

99*0 

99*8 

L'O 

8090*0 

VN 

90050 

m 

S’Z 

6-1-SL3 

91 



0t7Z93 

- 

89*0 

9Z'8 

L‘0 

0090*0 

VN 

80050 

rereYii 

S'Z 

8-1-SL3 

SL 



L8309 

- 

690 

176*8 

L'O 

9090*0 

VN 

90050 

KiKiKil 

S'Z 

Z-1-SL3 

t7L 



99959 

- 

017*0 


L'O 

66300 


60050 

IZ650O 

S*Z 

9-1-SL3 

8L 



L6ZLV 

- 


MUM 

L'O 

50900 

VN 

LLOS'O 


S'Z 

5-TSL3 

3L 

•ojnip^ on 

ooooooe 


- 



L'O 

poetro 

— 

1 1050 

Bsssa 

S'Z 

17-1-S13 

LL 

■ojnipi on 

0000001 


- 

09*0 

80*8 

L'O 

8090*0 

VN 

reran 

KgE»l<f 

S'Z 

8-1-SL3 

01 

*0jn|jDj on 

000000 L 


- 

t73*0 

88*3 

L*0 

86300 

VN 



S'Z 

3-1-SL3 

6 

‘©jnipj on 

000000 l 


- 

[BOH 


L'O 

56300 

VN 

Z005'0 

06500 

S’Z 

1-1-SL3 

8 

■©jnipj on 

9009LLI 


- 

81*0 

29^1 

L'O 

8630*0 

VN 

00050 

5650*0 

S'Z 

L-6-9 

Z 



TO1769 

- 

13*0 

81*3 

L’O 

170900 

VN 

09050 

50900 

S‘Z 

3-8 L -9 

9 



981 1 1 

- 

99*0 

L8*8 

L'O 

ioeoo 

VN 

03050 

mriii 

S*Z 

L-8L-9 

5 



9H7631 

- 

03*0 

90*3 

L'O 

06300 

| VN 

OZZFO 

[Z0900 

S'Z 

t7-S-9 

t7 

TD 


005Z3 

- 

Z3*0 

0Z*3 

10 

00900 

VN 

00050 

rom 

■HHI 

8-5-9 

8 



8616L 

- 

09 0 

t70*8 

L*0 i 

17090*0 

VN 

03050 

[50900 

■ 

3-5-9 

3 



999' L L 

- 

39*0 

t73*8 

L'O 

17630*0 

VN 

09050 

iH 

iKKSI 

l-S-9 

L 

sepN 

uni 

sapAo 

|D|Oi 

■jig 

>10040 

sapAo 

(scipi) 
pool 
*u m 

|gjgl[ 

fj 

a oipa 
ssajjs 

i 

(ui) Dia 
e|©H 

(U|> 

MIPIM 

(U|) 

s6d£) 

(UI) 

M46uai 

oed$ 

IDUjUUON 

Oi uauipads 
qoi |sai 

jaquunN 

pjooay 


Ajouiuins jsaj. an6ipj 













































































































































































































































































































































Id 

Id 

0 

1 

ieeos 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

3 Z 

OH 

9 

099 

0*1 

Id 

0 

1 

108MS 

096@0l 

0991 @09 

VIS 

Z-Z-Z-Z-9-U. 

u 

OH 

9 

099 

0*1 

Id 

0 

1 

I88MS 

096@0l 

0991 @09 

ViS 

Z-Z-Z-Z-9M 

OZ 

oei 

9 

099 

O'l 

Id 

6 

1 

ise^S 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

69 

08 L 

9 

099 

01 

Id 

0 

1 

488MS 

096@0l 

0991 @09 

ViS 

Z-Z-Z-Z-9M 

89 

09 1 

9 

099 

O'l 

Id 

0 

1 

488MS 

096@0l 

0391 ©OS 

ViS 

3-3-3-3-9-!i 

Z9 

091 

9 

099 

0*1 

Id 

0 

1 

488MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

99 

091 

9 

099 

O’l 

Id 

0 

1 

*8011$ 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-U 

99 

09 1 

9 

099 

0*1 

Id 

0 

1 

408MS 

096®0l 

0991 @09 

ViS 

3-3-3-3-9-li 

P9 

OH 

9 

093 

O’l 

Id 

0 

1 

48811$ 

096®0l 

0991 @09 

ViS 

3-3-3-3-9di 

99 

OH 

9 

093 

0*1 

Id 

0 

1 

408lj$ 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

39 

OH 

9 

093 

0*1 

Id 

0 

1 

400MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9di 

19 

OH 

9 

093 

0*1 

Id 

0 

1 

40©MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

09 

091 

9 

093 

O’l 

Id 

0 

1 

48011$ 

096@0l 

0991 @09 

ViS 

3-3-3-3'9-!i 

69 

091 

9 

093 

0*1 

Id 

0 

1 

488 MS 

096®0l 

0991 @09 

ViS 

3-3*3-3-9-!i 

89 

09 L 

9 

093 

0*1 

Id 

0 

1 

400MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9di 

Z9 

09 L 

9 

093 

0*1 

Id 

0 

1 

400 MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

99 

091 

9 

093 

O’l 

Id 

0 

1 

40 © MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

99 

03 1 

9 

093 

0*1 

Id 

0 

1 

480MS 

096®0l 

0991 @09 

ViS 

3'3-3-3-9-!i 

t79 

OH 

9 

id 

0*1 

Id 

0 

1 

4©8MS 

096@0l 

0991 @09 

ViS 

3'3-3-3-9di 

89 

OH 

9 

id 

0*1 

Id 

0 

1 

488MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-li 

39 

OH 

9 

id 

0*1 

Id 

0 

1 

480MS 

096@0l 

OS910OC 

ViS 

3-3-3-3-9di 

19 

OH 

9 

id 

0*1 

Id 

0 

1 

488MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

09 

OH 

9 

id 

0*1 

Id 

0 

1 

400 MS 

096 @01 

0991 @09 

ViS 

3‘3“3"3'9’}i 

6t7 

OH 

9 

id 

O'l 

Id 

0 

1 

480MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

8t7 

OH 

90 

id 

0*1 

Id 

0 

1 

488MS 

096@0l 

0991 @09 

ViS 

3-3“3*3-9-!i 

LV 

09 L 

9 

id 

O'l 

Id 

0 

1 

488MS 

096®0l 

0991 @09 

ViS 

3-3-3*3“9di 

917 

091 

9 

id 

0*1 

Id 

0 

1 

400 MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-!i 

917 

091 

9 

id 

0*1 

id 

0 

1 

488MS 

096(801 

0391 ©oe 

ViS 

3-3-3-3-9di 

VP 

091 

9 

id 

0*1 

Id 

0 

1 

488 MS 

096@0l 

0991 @09 

ViS 

3-3‘3-3-9di 

8t7 

09 L 

9 

id 

0*1 

Id 

0 

1 

488 MS 

096@0l 

0991 @09 

ViS 

3-3-3-3’9-!i 

3t7 

091 

9*0 

id 

0*1 

Id 

0 

1 

488 MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9-li 

lt7 

091 

9*0 

id 

O'l 

Id 

0 

1 

40©MS 

096@0l 

0991 @09 

ViS 

3-3-3-3-9di 

Ot7 

09 L 

9*0 

id 

0*1 

Id 

0 

1 

4©©MS 

096@0l 

0991 @09 

ViS 

Z-Z-Z-Z-9M 

68 

091 

9*0 

id 

0*1 ! 

Id 

0 

1 

488MS 

096001 

0991 @09 

ViS 

Z-Z-Z-Z-9M 

88 

091 

9*0 

id 

0*1 

Id 

0 

1 

488MS 

096@0l 

0991 @09 

ViS 

Z-Z-Z-Z-9M 

Z8 

<!$« 

(ZH) 

<d 6ep) 

0)1) 

adAi 

(%) I9A01 

upje 

UJJOJ 

((d eep) 

((d Sep) duiei 

uoHipuoo 

Ao||V 

jeqmnN 

S$0J|$ 

em 

duidi jsei 

edAi 

4$01 

6u|uujoj 


JD|i 04 D^ 

dUI9| © (SilJ) 

® (u]Ui) ©oil!) 



pjooeg 

•XD|fl 

opAo 


Odds 





®w») id®ji |dsh 

40011 uounios 





AjDuioin$ |s©i ©n6noj 









00*0 

1*0 

91790*0 

VN 

5005*0 

a? aaa 

S'Z 


2Z 



0Z562 | 

- 

9P0 

LL'V 

1*0 

11790*0 

VN 

596t7'0 


5‘Z 

Z9-5-22-22-9 

IZ 



HTITWI 

- 

9t7*0 

9 L'V 

1*0 

0t790*0 

VN 

56617*0 

1990*0 | 

WEBM 

99-5-22-22-9 

OZ 



095929 

- 

WO 

2t7*t7 

1*0 

01790 0 

VN 

0205*0 

EHS8B1 

■u 

92-5-22-22-9 

69 

•due o; esop pe||Dj 


0ZZ001 

- 

wo 

ZV'V 

to 

01790*0 

VN 

59617*0 

atssgii 

5*Z 

zz-9-zz-zz-9 

89 

•0jn||Di on 

0000001 


- 

yjiHi 

917*17 

to 

5t790*0 

VN 

areni 


5’Z 

pz-9-zz-zz-9 

Z9 

•ejnijo^ on 

0000001 


- 


8Kt? 


171790*0 

VN 

0005*0 

6990*0 

mam 

62-5-22-22-9 

99 

■ojniioj on 

0000001 


- 

SZ9H 

W'V 

1*0 

21790*0 

VN 

0205*0 

1990*0 

wssm 

19-5-22-22-9 

59 j 



0Z6666 

- 

wo 

9l7*t7 

1*0 

91790*0 

VN 


179900 


12-5-22-22-9 

179 



0L00Z 

- 

W0 

6L'V 

1*0 

ZV£0'0 

VN 

5005*0 

t7990*0 


99-5-22-22-9 

99 



01 w 

- 

Zt7'0 

&SMM 

1*0 

9990*0 

VN 

06617*0 

ZZ90'0 

KH 

99-5-22-22-9 

29 



000tT5 

- 

917*0 

09*17 

1*0 

£V£0'0 

VN 

5005*0 

5990*0 

rsvn 

29-5-22-22-9 

19 



096 19 

- 

IVO 

9Z*t7 

1*0 

9990*0 

VN 

5005*0 

5Z90’0 


59-5-22-22-9 

09 

•Ginyo^ on 

0000001 


- 

517*0 

Zt7*t7 

1*0 

W£0'0 

VN 

0205*0 

5990*0 

5’Z 

61-5-22-22-9 

65 



0550Z 

- 

5t7'0 

9t7*t7 

1*0 

9t790*0 

VN 

5005*0 

EESiCT 

5’Z 

02-5-22-22-9 

95 



092 LG 

- 

St7*0 

917*17 

1*0 

9t790‘0 

VN 

5105*0 

5990*0 

5*Z 

Binai 

Z5 

•ejnjjoj on 

0000001 


- 

5t7*0 

9t7*t7 

TO 

91790*0 

VN 

5005*0 

9990*0 

5*Z 

91-5-22-22-9 

95 



0G9t?9t7 

- 

WO 

217*17 

1*0 

0V£0'0 

VN 

56617*0 


5'Z 

91-5-22-22-9 

55 

•ejnjjoj on 

0000001 


- 

WO 

01*17 

1*0 

ZV£0'0 

VN 



5*Z 

91-5-22-22-9 

175 



052509 

021 509 

Q2jH 

LL'V 

1*0 

lt790*0 

VN 

0005*0 

2990*0 

5*Z 

t -5-22-22-9 

£9 



0Z069 

01069 

9t7*0 

9L'V 

1*0 

0V£0'0 

VN 

5005*0 


5*Z 

9-5-22-22-9 

25 



05009 

- 

zro 

VL'V 

to 

6990*0 

VN 

066t7*0 

I6Z90 0 

wsam 

ozs-zz-zz-9 

15 




- 

Zt7*0 

9L’V 

1*0 

6590*0 

VN 

0005*0 

ISfESBl 


179-5-22-22-9 

05 



01Z12 

- 

9t7'0 

6L'V 


21790*0 

VN 

0005*0 

17990*0 

5'Z 

2-5-22-22-9 

617 



02962 

01962 

Z^'O 

59*17 

1*0 

2990*0 

VN 

0105*0 

17990*0 

5’Z 

t7-5-22-22-9 

917 



0t7Z0t7 

- 

917*0 

9Z*t7 

1*0 

01790*0 

VN 

0005*0 

BEsaa 

5*Z 

11-5-22-22-9 

LV 



06ZC9 

- 

tl7‘0 

WV 

to 

treoo 

VN 

S 66 V 0 

9990*0 

5‘Z 

lz-9-zz-zz-9 

9V 

■ejniio^ on 

0000021 


- 

9t7*0 

9V'V 

to 

Ct780’0 

VN 

066t7*0 

EEStfil 

■evhi 

01-5-22-22-9 

9V 



0565t7 

- 

9t7'0 

59*17 

L‘0 

5590*0 

VN 

0005*0 


I 9Y 

92-5-22-22-9 

W 



01699 

- 

t7t7'0 

2t7*t7 

1*0 

01750*0 

VN 

5105*0 

6Z90'0 


9-5-22-22-9 

9t7 



09109 

- 

WO 

9t7‘l7 

1*0 

01790*0 

VN 

566t7*0 

2990*0 

KMi 

Z- 5-22-22-9 

217 



06lt7G 

- 

WO 

9V V 

1*0 

21790*0 

VN 

0205*0 

2990*0 

5'Z 

fcpgy<gftgl 

117 



OOZ217 

- 

W'O 


1*0 

11790*0 

VN 

5005*0 

2990*0 

5*Z 

92-5-22-22-9 

017 



0Z2929 

- 

WO 

9t7t7 

1*0 

5t790*0 

VN 

56617*0 

9990*0 

5’Z 

51-5-22-22-9 

69 



[•SEMI 

- 

w 0 


1*0 

01750*0 

VN 

56617*0 

2990*0 

5'Z 

52-5-22-22-9 

99 



|02Z2t^ 

- 

517*0 

9!7*t7 

1*0 

5t790*0 

VN 

mm 

gngjini 

B9 

171-5-22-22-9 

Z9 

so|on 

urn 

sepAo 

ID 401 


yomo 

JSJJJO* 

sepAo 

(sdW) 

pool 

•um 

(sd!>|) 

pool 

■xdiai 

a o\m 

$$9J|$ 

(U| 

bs) DdiV 

(ui> Dia 
®I°H 

(U|) 

mpiM 

(U|) 

e 6 os 

(U!) 

44611 ©! 

*oed$ 

|DU|UiON 

Ql ueuupads 
qoi |sei 

jaquunN 

pioooy 


Ajoujuins jsej. en6j(oj 
















































































































































































































































































































































Id 

Id 

0 

1 

pegs 

096® 01 

0991 @09 

ViS 

Z-Z-Z-Z-9M 

ZOl 




Id 

Id 

0 

1 

pegs 

096® 01 

0991 ®oe 

ViS 

3-Z:-3-Z-9-!i 

901 




Id ; 

id 

0 

1 

I96MS 

096@0l 

099 L® 09 

ViS 

Z-Z-Z-Z-9M 

901 




"Id 

Id 

0 

1 

pegs 

096@0l 

0991® 09 

ViS 

£-Z-3-3-9-!i 

m 




Id 

id 

0 

1 

P©MS 

096®0L 

099l®09 

ViS 

Z-Z-Z-Z-9-ll 

col 




Id 

Id 

0 

1 

pegs 

096®0l 

0991® OS 

ViS 

Z-Z-Z-Z-9-IL 

201 




Id 

Id 

0 

1 

pegs 

096®0l 

0991® OS 

ViS 

Z-Z~Z-Z-9-tL 

101 




Id 

Id 

0 

1 

pegs 

096®0t 

099L®0S 

ViS 

Z-Z-Z-Z-9M 

001 




Id 

Id 

0 

1 

pegs 

096® 01 

0991®0S 

ViS 

Z-Z-Z-Z-9M 

66 




“Id 

Id 

0 

1 

pegs 

096® 01 

0991 ®0S 

ViS 

Z-Z-Z-Z-9-IL 

96 

99 

9 

id 

Id 

Id 

0 

1 

pegs 

096®0t 

0991®0S 

ViS 

Z-Z-Z-Z-9M 

Z6 

99 

9 

id 

Id 

Id 

0 

1 

pegs 

096®0l 

0991® OS 

ViS 

Z-Z-Z-Z-9M 

96 

09 

9 

id 

Id 

Id 

0 

1 

pegs 

096®0i 

099l@0S 

ViS 

2“2-3-3-9-!i 

96 

LV 

9 

id 

Id 

Id 

0 

1 

pegs 

096®0l 

0991®0S 

ViS 

2-2-2-2-9-!i 

V6 

9P 

9 

id 

Id 

Id 

0 

1 

pegs 

096® 01 

099L®0S 

ViS 

2"2‘3"2"9"!i 

96 

9P 

9 

id 

Id 

Id 

0 

1 

pegs 

096®0l 

099 L ®0S 

ViS 

2-S-2-2-9-!i 

26 

9t7 

9 

id 

Id 

Id 

0 

1 

pegs 

096@0l 

0991® OS 

ViS 

2-2-2-2-9-!i 

L6 

917 

9 

id 

Id 

"Id 

0 

1 

pegs 

096@0l 

0991®0S 

ViS 

2-2-2-2-9ii 

06 




Id 

Id 

0 

1 

pegs 

096®0l 

099L®0S 

ViS 

2'2'2’2-9-ii 

69 




Id 

Id 

0 

1 

pegs 

0S6@0l 

0991® OS 

ViS 

2-2-2-2'9di 

99 




Id 

Id 

0 

1 

pegs 

096®0L 

0991® OS 

ViS 

2-2-2-2-9-!i 

Z8 




Id 

Id 

0 

1 

pegs 

096® 01 

0991® OS 

ViS 

2-2-2-2-9'!i 

99 




Id 

Id 

0 

1 

pegs 

096® 0L 

0991®0S 

ViS 

2-2-2-2-9-!i 

99 




Id 

Id 

0 

1 

pegs 

096® 01 

0991®0S 

ViS 

2'2'2-2-9-!i 

179 




Id 

Id 

0 

1 

pegs 

096®0l 

0991 ®0S 

ViS 

2-2-2“2>9-!i 

98 




id 

Id 

0 

1 

pegs 

096®0l 

099L®0S 

ViS 

2-2-2-2-9-!i 

28 




Id 

Id 

0 

1 

pegs 

096® 01 

0S9l@0C 

VIS 

Z-Z-l-Z- 9-li 

L8 




Id 

Id 

0 

1 

pegs 

0S6@0l 

0S9l@0C 

ViS 

Z-Z-Z-Z-9-\L 

08 




id 

Id 

0 

1 

pegs 

096® 01 

0991 ®0S 

ViS 

2-2-2'2-9-!i 

6Z 




Id 

Id 

0 

1 

pegs 

096® 01 

0991 ®0S 

ViS 

2-2-2-2-9-!i 

9Z 




Id 

id 

0 

1 

pegs 

096®0l 

0991® OS 

ViS 

2-2-2-2‘9-!i 

ZZ 




Id 

Id 

0 

1 

pegs 

096® 01 

099L®0S 

ViS 

2-2-2-2-9-li 

9Z 




Id 

Id 

0 

1 

pegs 

096®0l 

0991® OS 

ViS 

2-2-2-2'9di 

9Z 




Id 

Id 

o 

1 

pegs 

096®0l 

099L®0S 

ViS 

2-2-2-2-9di 

PI 




Id 

Id 

0 

1 

pegs 

096@0l 

0991®0S 

ViS 

2-2-2-3-9di 

9Z 

(m 

<ZH> 

<d 6ep) 

(DO 

edAi 

<%) l®A«l 

upje 

UJOJ 

((d 6ap) 

«d Bop) duel 

uouipuoo 

Ao||V 

iequnN 

$$e4|$ 

epa 

duuai J$9i 

edAi 

isei 

6u|uuoj 


IDMepw 

duuai ® (sjq) 

® (uju) euj|) 



pjooay 

•XDIAI 

epAo 


oad$ 





euiu) |dsji |DeH 

|D041 U0j|n|0$ 





Ajouiuins jsai on6uDj 








00*0 

OO’O 

w 

0890 '0 

8Z8L'0 

9866 '0 

1890'0 | 

8'8 


ZOL 





OO'O 

OO'O 


0890’0 

388 ro 

OOOO'l 

HI 

8'8 


901 





OO'O 

OO'O 

10 

2890'0 

Egtflil 

0666'0 

£890 '0 

8'8 


901 





000 

OO'O 

L'O 

6Z90'0 

mm 

OOOO'L 

6Z90'0 

8'8 


*6l 





OO'O 

OO'O 

L’O 

rijnnwi 

ism 

0000't 

6Z90'0 

8'8 


801 





000 

00*0 

1*0 

3890 0 I 

8Z8L'0 | 

9666*0 

3890 0 

8'8 


301 





OO'O 

SSBI 

ro 


Btiawa 

9866*0 

liitSiiil 

8'8 


mi 





OO’O 

■ 




98660 

9890'0 

8*8 


001 





OO'O 

OO'O 

ro 

8890'0 

8Z8t*0 

9000*1 

88900 

8‘8 


66 





OO'O 

00*0 

to 

98900 

8Z81’0 

06660 

9890'0 

8*8 


86 

■e|OM |D pe\m 


01*61 

06361 

I7t7'0 

zvv 

to 

0890‘0 

6Z810 

OOOO'l 

liliSgil 

8*8 

1-61-33-33-9 

Z6 

*ejOL| \o peipd 


060917 

0938 1? 

Z8'0 

9 Z'8 

1*0 

18900 

88 ro 

0866*0 

8890'0 | 

8'8 

3-61-33-33-9 

96 

•eioq id p©i!Dj 


06109 

08369 

178*0 

0*'8 ! 

1*0 

0890 '0 

1881 '0 

0666*0 

1 

8'8 

8-61-33-33-9 

96 

*©|OL| |D p©||Dd 


086t7* 

089317 

380 j 

L3‘8 

1*0 

3890'0 

6Z8L'0 

9666 '0 

8890*0 

88 

9-6 1 -33-33-9 

t76 

©|Ol| ID peifDd 


031786 

09696 

18*0 

80*8 

L'O 

t7890’0 

L 88 1 *0 

0666‘0 

9890'0 

88 

8-61-33-33-9 

86 

•ejnipi on 

000000^: 


- 

18*0 

90*8 

t'O 

0890*0 

9881*0 

OOOO'l 

m 

8'8 

t7-6l -33-33-9 

36 

e|oq |D pejpd 


088 18 

081708 

18*0 

90'8 

L'O 

0890 '0 

ZZ8L0 

0000* L 


8*8 

9-61-33-33-9 

16 

©|OM ID paiPd 


09898 

0t79*8 

L8'0 

Z0‘8 

1*0 

8890'0 

988 ro 

9000*1 

3890*0 

8'8 

Z -61 -33-33-9 

06 





00*0 

00*0 i 

1*0 

6880'0 

VN 

966t7'0 

8Z90'0 

9'Z 


68 





OO'O 

00*0 

t'O 

8t780*0 

VN 

0L09'0 

*890*0 

9'Z 


88 



■aiirriTif 


00*0 

OO'O 

ro 

lt780'0 


00090 

3890 '0 

mEBm 


Z8 





00*0 

00*0 

ro 

0tT80'0 

L VN 

0109*0 

8Z90 0 

9‘Z 


98 





00*0 

1H91 

ro 

8t780*0 


0009*0 


9'Z | 


98 





OO'O 

S7 ■ 

ro 

0tr80'0 

Mi 

066**0 

L890'0 

9'Z 


t78 






OO'O 

ro 

3*80*0 

VN 

0009*0 

t7890'0 

■[mi 


88 



BBa— 

BppSBWj 

SHIM 

OO'O 

ro 

ltT80'0 

VN 

9009*0 

2890 '0 

K2V 


38 





00*0 

OO'O 

ro 

0t780*0 

VN 

966t7'0 


9'Z 


18 






OO'O 

ro 

9880*0 

VN 

9009‘0 

0Z90‘0 

9'Z 


08 





inii 

00*0 

ro 

**80'0 

VN 

066t7'0 

0690 '0 

9*Z 


6Z 





OO'O 

OO'O 

ro 

Lt780‘0 

VN 

Email 

9890'0 

9'Z 


8Z 





OO'O 

OO'O 

ro 

9880'0 

VN 


Egglil 

9'Z 


ZZ 





OO'O 

OO'O 

ro 

9880'0 

VN 



9'Z 


9Z 





OO'O 

00*0 

ro 

8880*0 

VN 


ZZ90’0 

9'Z 


9Z 





OO'O 

OO'O 

ro 

It780’0 

VN 

[0009 '0 

3890*0 

9'Z 


*Z 





OO'O 

00*0 

ro 

8880'0 

VN 

m 


9‘Z 


8Z 

so|ON 

urn 

sepAo 

|D|Oi 

ejnipi 

o| sepAo 

>jODJO 

mo\ 

sepAo 

(sdpfl 

pool 

*u m 

■j 

d o\m 

SS0JIS 


(ui) oia 
«|OH 

(UI) 

MIP1M 

(U|) 

e6oo 

(U|> 

qj6uei 

*oad$ 

IDUIUJON 

0 | ueuuped$ 
qoi jsej. 

joquunN 

piooey 


AjDiuuins jsej. en6ipj 




































































































































































































































































































eiqoipAD jou o[oq 
8|qD0!|ddD ion :\/N 
pedo pud pejoeji uounps :\/iS 
papajj uojjnios as 
0jn|DJ0dai04 uuooy ad 
andjjDj 0 |om uado dHO 
©n6j|Dj peMD|ouun df) 

•|unoo apAo >pdjo isjjj 40 e|q|SjA a|duu|p aoojjns A|uo - a6pa ujojj Admd peijDj ueuupeds (z) 

sepAo 000' 13 pud 000'03 ueeMjeq peipj ueuupeds Q ) 


o 

vo 


Ajouioins jsej. en6j|Dj 



g> 

ii i 

h ill 


p i 
< d 


CL *S£J 

uj ill! 

“ ill? 



i§ 0 
s< < 


§ 1 

I 3 1. 

§Si 
|i° - 

i i-i s 
SI? ? 

z .S CL CM 
< p ^ t- 

(3 5* T3 00 
g E «o°> 

Ulp 

i fl s i 
°: « 8 , 2°<8 


9 | 

II 

i | 

if 


8^-5 

m ? S ° 

| 

1 12 ® 
| ro E c 3 
* §8< 
g o $> 

i <* = 

1 

2 B g»E 

<0 ^ OB ^ 


11. SUPPLEMENTARY NOTES 

Langley Technical Monitor: Dennis Dicus 
Final Report 



17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT 
OF REPORT OF THIS PAGE OF ABSTRACT 

Unclassified Unclassified 












